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Congenital defectsChromosome 14 is often involved in chromosome rearrangements, although pericentric inversions are rare.
Here we report a mother carrying a pericentric inversion of chromosome 14, and her daughter with recom-
binant chromosome characterized by a partial distal 14q trisomy. Principal clinical ﬁndings of the child
include facial anomalies, microcephaly, developmental delay, hypotonia and cardiac malformation. Her ﬁnal
karyotype was 46,XX,rec(14)dup(14q)inv(14)(p12q31)mat[20], arr 14q31.3qter(85,427,839–106,356,482)
x3. This report brings new data about clinical features of partial 14q trisomy and molecular analysis enables
the visualization of genes involved in the segment duplicated.
© 2013 Elsevier B.V. All rights reserved.1. Introduction and clinical report
The female patient was referred for genetic evaluation at twenty
days of age because of congenital defects and dysmorphic features.
She is the ﬁfth child born to healthy, young and non-consanguineous
parents (mother 28, father 34 years old). Family history is unre-
markable, except by the older brother who has learning disabilities
(not evaluated). Pregnancy and delivery at 38 weeks by cesarean,
due to multiparity (G5P4), were uneventful. The newborn had birth
weight 2360 g (b3rd centile), birth length 44 cm (b3rd centile) and
head circumference at birth was 30 cm (b3rd centile). She was small
for gestational age, but had no neonatal complications until the ﬁfth
day of life, when she had an acute respiratory distress and hospitaliza-
tion was required.
She was diagnosed with left-sided congenital diaphragmatic hernia
and echocardiogram showed ostium secundum interatrial communica-
tion with hemodynamic effect and pulmonary hypertension. At this
time, thoracoscopic repair of congenital diaphragmatic hernia was
performed and the newborn developed post-extubation laryngitis ininv, inversion; mat, maternal;
centromere banding; SPATA7,
idase; TTC8, tetratricopeptide
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netics, University of Campinas,
Campinas, SP, Brazil. Tel.: +55
-Silva-Lopes).
l rights reserved.the pediatric intensive care unit. Late post-operative complications,
including reactive plaquetosis, atelectasis, bronchopneumonia and
sepsis occurred andwere overcome. The patient is continuously admit-
ted to the pediatric clinic due to pulmonary and extra-pulmonary
complication.
Hypothyroidism was diagnosed and treated in the third month of
life. Gastroesophageal reﬂux disease required surgical treatment in
the fourth month. Also at fourth month of life, growth retardation
and global developmental delay with hypotonia became evident.
She is effectively dependent on ventilatory support andhadgastrostomy
and tracheostomy tubes.
At 12 month old, her weight is 6000 g (b3rd centile), birth length
67 cm (b3rd centile) and head circumference 41.5 cm (b3rd centile).
Dysmorphology assessment revealed prominent forehead, ﬂat face,
down-slanting palpebral ﬁssures, hypertelorism, broad and depressed
nasal root and bridge, a short nose with anteverted nares, short
philtrum, a largemouth, down turned lips (Fig. 1), hypoplastic ﬁngers,
single palmar creases and umbilical hernia.
2. Material and methods
Chromosome preparations were obtained from lymphocyte cul-
tures with standard methods. GTG-banded analysis of proband and
parents was at a resolution of 300 to 400 bands. High resolution
array was performed using the Genome-Wide Human SNP Array 6.0
(Affymetrix®, Santa Clara, CA, USA) according to manufacturer's
instructions. Data were analyzed by the Genotyping Console version
4.0 software (Affymetrix®, Santa Clara, CA, USA). To conﬁrm the al-
teration in the mother, C-banding technique using barium hydroxide
was applied.
Fig. 1. Schematic representation of patient's face. Notice prominent forehead, ﬂat face,
down-slanting palpebral ﬁssures, hypertelorism, broad and depressed nasal root and
bridge, short nose with anteverted nares, short philtrum, a large mouth and down
turned lips.
Fig. 3. Screenshot of array proﬁle of chromosome 14. A) At weighted log2 ratio plot,
red circle highlights a 20.9 Mb duplication between 14q31.3 and 14q32.33. B) Allele
difference plot shows same 14 region duplicated.
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The G-banded karyotype analysis of the proband, revealed an ad-
ditional segment on the short arm of chromosome 14 in 20 analyzed
metaphases (Fig. 2A). Paternal karyotype was normal. An inversion at
chromosome 14 (Fig. 2B) was detected in the mother and C-banding
conﬁrmed the pericentric inversion between p12 and q31 bands
(Fig. 2C). Final karyotype of the mother was 46,XX,inv(14)(p12q31).
Array analysis of the proband showed a segment duplicated
between 14q31.3 and 14qter region with approximately 20.9 Mb
(break points: 85,427,839–106,356,482 bp, NCBI Build 36.1 [hg18]).
This duplication can be visualized at copy number oligonucleotides
of the array (Fig. 3A) and was conﬁrmed by oligonucleotides with
single nucleotide polymorphism (SNP) which provides information
about allele difference (Fig. 3B). After the investigation of parents and
array analysis, ﬁnal proband karyotype was 46,XX,rec(14)dup(14q)
inv(14)(p12q31)mat[20], arr 14q31.3qter(85,427,839–106,356,482)x3.Fig. 2. Cytogenetics analysis. A) Karyotype (300–400 bands) of the proband showing an addit
pericentric inversion of chromosome 14. C) C-banding analysis that conﬁrmed the inversionIn the Database of Chromosomal Imbalance and Phenotype in
Humans (DECIPHER) there are seven cases reported with the total
segmented duplicated or part of it. However, the phenotype is viable
only in two cases (1593 and 250364).
4. Discussion
Pericentric inversions are intrachromosomal structural rearrange-
ments comprising a two-break event, one break in the short arm
and one in the long arm, involving only one chromosome (Allderdice
et al., 1975; Gardner and Sutherland, 2004). There is a tendency of ho-
mologous chromosome regions to pair during prophase of meiosis I
which indicates that pairing of inverted segments, in an inversion
heterozygote, leads to the formation of an inversion loop. As a conse-
quence, pericentric inversion carriers have an increased risk of gener-
ating an offspring with a recombination chromosome presenting
a deletion and (or) a duplication of chromosomal distal segments
(Allderdice et al., 1975; Honeywell et al., 2012).
The probability that a given pericentric inversion will give rise,
during meiosis, to an unbalanced recombinant chromosome largely
depends on the size of the inverted segment. The size of the inversion
is, in turn, related to the probability of a meiotic crossover event oc-
curring within the inverted segment, and to the amount of duplicated
and deleted material present in the resulting recombinant chromo-
somes (Hirsch and Baldinger, 1993; Vianna-Morgante et al., 1976).
On the other hand, the risk of unbalanced recombinants and children
with congenital anomalies and/or intellectual disability depends of
the region involved, the length of the inverted segment and the posi-
tion of the inversion breakpoints (Gardner and Sutherland, 2004).
Pericentric inversions of chromosome 14 are uncommon and there
are only few reports of families with this chromosome rearrangement
(Kaiser et al., 1984; Leach et al., 2005; Sliuzas et al., 2008). Here we
report a mother carrying a pericentric inversion of chromosome 14,
with breakpoints probably located on region 12 of the short arm and
on region 31 of the long arm, and her daughter with recombinant
chromosome characterized by a partial distal 14q trisomy. It is inter-
esting to notice that breakpoints, size of segment duplicated, and,
consequently, genes involved are variable among cases with this chro-
mosome rearrangement.
The terminal region of chromosome 14 duplicated in the present
patient involves 113 genes according to Ensembl Genome Browser.ional segment at chromosome 14. B) Karyotype (300–400 bands) of themother showing
.
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in diseases or syndromes such as: Leber congenital amaurosis
(OMIM 612712) and SPATA7 gene, Krabbe disease (OMIM 245200)
and GALC gene, Bardet–Biedl syndrome (OMIM 209900) and TTC8
gene, spinocerebellar ataxia with axonal neuropathy (OMIM 607250),
cutis laxa type I (OMIM 219100) and FBLN5 gene, achondrogenesis
type IA (OMIM 200600) and TRIP11 gene; Machado–Joseph disease
(OMIM 109150) and ATXN3 gene. The phenotype of the present does
not match with conditions listed above.
Also in the duplicated segment, there is an imprinted locus speciﬁ-
cally at 14q32. The imprinted genes are differently expressed as
maternal or paternal inherited and include DLK1, MG3 (or GTL2),
DIO3, RTL1 and MEG8 (Buiting et al., 2008). Consistent with these
ﬁndings, both paternal and maternal uniparental disomies for chro-
mosome 14 [upd(14)pat and upd(14)mat] cause distinct phenotypes.
The patient herein reported does not present uniparental disomy.
Most common clinical features in patients with distal 14q trisomy
are low birth weight, developmental delay or mental retardation,
hypotonia, primordial or postnatal short stature, microcephaly, cra-
niofacial anomalies such as wide sutures and fontanels, high fore-
head, thin upper lip, hypertelorism, dysmorphic nose, micrognathia
and sparse hair and eyebrows, as well as spasticity and hyperreﬂexia
and congenital heart defects (Perrin et al., 2002; Thiel et al., 2008). In
accordance with previous reports, our patient showed facial anoma-
lies, including hypertelorism, dysmorphic nose, prominent forehead
and ﬂat face. Microcephaly, developmental delay, hypotonia, and
cardiac malformation were also observed.
The case 1593 posted at DECIPHER presents a duplication at chro-
mosome 14 of 12 Mb (break points: 92,609,566–104,646,413 bp;
NCBI Build 36.1 [hg18]) and other two deletions proximal to this dupli-
cation. Findings described included: mental retardation/developmental
delay, feeding problems in infants, sleep disorders (apnea), blue sclera,
dysplastic ears, hypertelorism, hypotonia (non-myopathic), micro-
cephaly, micrognathia, wide nasal bridge, patent ductus arteriosus,
short palpebral ﬁssures, short stature, trachea or laryngeal anomalies
and heart anomalies. The phenotype was similar to 14q trisomy cases,
including this herein reported. The other case number 250364 presents
a duplication of 20.91 Mb (break points: 84,783,824–105,689,917 bp;
NCBI Build 36.1 [hg18]) and a proximal deletion of 1.0 Mb. The pheno-
type involves: agenesis/hypoplasia of corpus callosum, atrial septum
defect, facial abnormalities (unspeciﬁed), low-set ears and submucous
cleft palate.5. Conclusions
Considering the rarity of the chromosome rearrangement here
described, clinical features of 14q trisomy derivate from chromosome
14 inversion are still unspeciﬁc. In this point of view, our report brings
new data and molecular analysis enables the visualization of genes
involved in the segment duplicated.
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